Introduction {#sec1-1}
============

Spinal anesthesia is preferred for Cesarean deliveries because it allows the mother to remain awake, produces a rapid onset of dense neural blockade with minimum amount of intrathecal drug, minimizes problems associated with airway management and avoids possible neonatal depression from drugs used in general anesthesia.\[[@ref1][@ref2][@ref3]\] However, these advantages are offset by post-spinal hypotension reported in 50-90% of the parturients, if appropriate preventive measures are not undertaken.\[[@ref4][@ref5][@ref6]\] Pregnant females have increased sensitivity to local anesthetics and are more susceptible to the effects of sympathetic blockade. Persistent hypotension can lead to nausea, emesis, dizziness, light headedness, reduced cardiac output, decreased utero-placental blood flow, and impaired fetal oxygenation.\[[@ref1][@ref5]\]

A variety of methods have been used to prevent spinal hypotension. These include physical maneuvers (compression stockings, left uterine displacement), intravenous fluid expansion, and prophylactic use of sympathomimetic drugs.\[[@ref6][@ref7][@ref8]\] Among the intravenous fluids both crystalloids and colloids are not very effective in preventing post-spinal hypotension when used as a single modality.\[[@ref9][@ref10]\] Hence, vasopressors like ephedrine, phenylephrine, methoxamine, dopamine, mephentermine have been used in parturients to maintain hemodynamics after spinal anesthesia.\[[@ref8][@ref11]\] Out of these phenylephrine has been found to be the most effective with least side effects.\[[@ref10][@ref12]\] Crystalloid loading at the time of spinal injection (co-loading) is known to enhance the hemodynamic control provided by the vasopressors.\[[@ref13]\] However, the effect of combination of colloids and phenylephrine infusion on maternal hemodynamics in women undergoing cesarean section has not been widely studied and there is no consensus about the dosage required and when should the administration be started. Hence the present study was planned to evaluate safety and efficacy of a combination of 6% HES (130/0.4) and prophylactic variable rate phenylephrine infusion versus phenylephrine boluses on incidence of maternal hypotension and neonatal outcome. The initial bolus dose of phenylephrine was given to all the participants because it helps to quickly achieve the desirable vasopressor effect and subsequent infusion of phenylephrine facilitates a sustained action of the vasopressor agent used. It was hypothesized that the use of this combination of HES and prophylactic phenylephrine infusion will keep a tight control on maternal hemodynamics and alleviate the need for subsequent intraoperative interventions to manage post-spinal hypotension without compromising on the neonatal well-being.

Materials and Methods {#sec1-2}
=====================

Institutional ethical committee approval was taken and all the participants gave written informed consent for this prospective, randomized, double-blind study. Ninety two, ASA I - II females, aged 18-40 years, with singleton pregnancy, gestational age \> 36 weeks and planned for elective lower segment Cesarean section under spinal anesthesia were enrolled. A detailed history regarding physical health, co-existing medical problems, current medications, allergies, previous anesthetic and surgical exposure was taken. Exclusion criteria were patients with extremes of weight (\<40 kg or \>90 kg) and height (\<140 cms or \>180 cms), chronic or pregnancy-induced hypertension, associated cardiovascular/cerebral/pulmonary/endocrine disorders, fetal or placental abnormalities, multiple gestations, or any contraindications to spinal anesthesia. Ranitidine (150 mg) and metoclopromide (10 mg) were prescribed per orally a night before and on the morning of surgery. All patients fasted for at least 8 hours prior to surgery. Using computer-generated permuted block randomization, patients were divided into two groups, A and B (*n* = 45 each) to receive colloid cohydration, along with phenylephrine infusion or phenylephrine bolus. Monitoring consisted of heart rate (HR), arterial oxygen saturation (SpO~2~), electrocardiography (ECG), and non-invasive blood pressure (NIBP) using a multichannel monitor (Cardiocap, Datex Ohmeda). Heart rate and NIBP readings (left upper arm) were recorded every 2 minutes until they became consistent (three successive measurements of SBP and HR with a difference of not more than 10%). The mean of these three readings was considered baseline maternal SBP and heart rate. Hypotension was defined as SBP \< 90% of baseline reading and hypertension was defined as SBP \>110% of baseline. A wide bore 16-G intravenous access was secured for HES (130/0.4) infusion. Another 20-G IV cannula was inserted for the study drug infusion. No IV prehydration was given (except at a minimal rate to maintain vein patency). Lumbar subarachnoid block (SAB) was performed in the lateral position with 26-G Quincke\'s spinal needle and 0.5% hyperbaric bupivacaine 10 mg with fentanyl 25 μg was injected intrathecally. Patients were immediately turned supine with left uterine displacement. Oxygen supplementation was started with Venturi mask (FiO~2~ 0.4). Adequacy of spinal anesthesia was assessed using Bromage scale for motor response and blunt pin prick method for sensory block. Assessment was done every minute for first 10 minutes and every 10 minutes thereafter. Once a sensory block of T4 was achieved surgery was started.

Group A (*n* = 45) patients received 6% HES (130/0.4); 15 ml/kg and 50 μg intravenous bolus of phenylephrine soon after initiation of spinal anesthesia. This was followed by intravenous infusion of phenylephrine hydrochloride (60 μg/min), initiated @ 60 ml/hr using a syringe pump (Graseby 3500 Anesthesia pump, Graseby Medical Ltd., Watford, Herts, UK). The study phenylephrine solution was prepared in dilutions of 60:1 and diluted to a volume of 20 ml by an anesthesiologist who was not involved in the study. In order to maintain maternal BP at near-baseline levels, a predefined algorithm was used to adjust the infusion rate:\[[@ref14]\]

Rate of infusion was maintained at 60 ml/hr, if BP remained within 90-110% of baselineRate of infusion was halved (30 ml/hr) if BP increased to 110-120% of baselineRescue boluses of 50 μg phenylephrine IV was given if BP decreased to \<90% of baseline and repeated every 2 minutesInfusion was stopped if BP increased to \>120% of baseline.

Patients in Group B (*n* = 45) received 6% HES 130/0.4; 15 ml/kg and 50-μg IV bolus of phenylephrine soon after initiation of spinal anesthesia. This was followed by intermittent boluses of phenylephrine (50-μg IV) to maintain HR and SBP within 10% of the baseline values. In this group placebo infusion of normal saline was initiated at the rate of 60 ml/hr soon after the intrathecal drug administration.

The infusion was discontinued following delivery of the fetus in all the participants. Time of injection of spinal anesthetic, skin incision time, uterine incision time, and uterine incision-delivery time were noted. HES co-loading time, total volume of HES infused and total volume of intravenous fluids administered intraoperatively were noted in all the patients. HR, ECG, SpO~2~, and end-tidal carbon dioxide (EtCO~2~) were monitored continuously and NIBP was measured at 1-minute interval till the baby was delivered and at 5-minute interval thereafter till the mother was shifted to the post-operative room. Total volume of study drug infusion along with total number of phenylephrine boluses required were recorded. Rescue medication administered for bradycardia (HR \< 50 bpm) associated with SBP less than the baseline value consisted of injection atropine 0.6 mg intravenously. The anesthesiologist involved in the conduct of anesthesia estimated intraoperative blood loss and need for blood transfusion in all the patients.

Patients were evaluated post-operatively for hemodynamic stability (BP and HR + 10% of baseline), regression of spinal anesthesia, pain relief, and post-operative nausea/vomiting. Any episode of nausea or vomiting was recorded and rated using a four point scale: (0 = none, 1 = mild nausea, 2 = nausea requiring treatment, 3 = vomiting). Nausea or vomiting with a score of 2 or 3 was treated with IV metoclopramide if unrelated to hypotension.

Assessment of the neonate included birth weight, umbilical arterial, and venous blood samples from a double-clamped segment of cord for immediate measurement of blood gases using Bayer Rapid LAB 855 gas analyzer (A pH of less than 7.20 was defined as fetal acidosis) and APGAR scores at 1 and 5 minutes after delivery were noted. The primary end point of the study was incidence of spinal hypotension in the two groups. Secondary end points were; need for rescue phenylephrine boluses, maternal side effects (bradycardia, nausea and vomiting, allergic episodes) and neonatal acidosis (pH \< 7.2) or low APGAR scores.

The demographic data and other quantitative variables were compared using independent *t*-test. Chi-square test was used to compare the descriptive data. Variables like heart rate, blood pressure were analyzed using independent *t*-test. The occurrence of postoperative emetic episodes, rescue antiemetic therapy and rescue analgesic therapy were analyzed with the Chi-square test. Statistical significance was defined as *P* value (two tailed) ≤0.05. Quantitative data is reported and graphically represented as mean ± SD. Categorical data is shown as number (%).

Statistical power was calculated on the following assumptions: Post-spinal hypotension can occur in 55-90% of the parturients during Cesarean section, if no preventive measures are taken. In a prospective study conducted by Ngan kee *et al*.\[[@ref13]\] a combination of phenylephrine infusion with crystalloid cohydration could reduce the incidence of hypotension to 2%. Thus, assuming an incidence of 2% after treatment with phenylephrine infusion with crystalloid cohydration, with the intention to achieve a decline in the rate of hypotension by 20% (i.e., from 2 to 1.6%) in patients treated with 6% HES cohydration and phenylephrine infusion, 45 patients per group were needed to reach statistical significance, with 80% power and 5% type 1 error (confidence interval 95%).

Results {#sec1-3}
=======

Ninety-two patients were assessed and found to be eligible for the study. However, two patients were excluded as they underwent emergency LSCS for fetal bradycardia. Remaining 90 parturients were randomized into Group A and B (*n* = 45 each) \[[Figure 1](#F1){ref-type="fig"}\]. The demographic, laboratory, and obstetrics characteristics were comparable among the groups. The time for adequate subarachnoid block, uterine incision time, time of delivery of baby and estimated blood loss were all comparable in the two groups. Subarachnoid block with 2 ml of 0.5% hyperbaric bupivacaine and 25 μg fentanyl provided optimum conditions for surgery in all the patients. All patients were co-loaded with 6% HES (130/0.4); 15 ml/kg after the initiation of spinal anesthesia. There was no difference in the total amount of intravenous fluids administered in the two groups \[[Table 1](#T1){ref-type="table"}\].

![Consort diagram of patients' recruitment for the study](JOACP-29-348-g001){#F1}

###### 

Demographic profile, peri-operative, obstetric, and neonatal data

![](JOACP-29-348-g002)

Patients in group A showed a significantly lower heart rate as well as systolic blood pressure from 3 to 12 min after subarachnoid block (*P* \< 0.001) when compared to patients in group B \[[Figure 2](#F2){ref-type="fig"}\]. Thirty-four out of 45 patients in Group B (75.5%) showed an SBP \< 10% of baseline, compared to none in group A. The total number of hypotensive episodes observed was 95 in group B and the frequency of hypotensive events varied from 1 to 6 episodes \[[Figure 3](#F3){ref-type="fig"}\]. The need for rescue phenylephrine boluses was significantly more in Group B (*P* = 0.001) and none of the patients who were receiving continuous phenylephrine infusion (Group A) required rescue bolus of the vasopressor agent for hemodynamic stability \[[Figure 4](#F4){ref-type="fig"}\].

![Comparison of mean heart rate and systolic blood pressure between the two groups from the onset of spinal anesthesia](JOACP-29-348-g003){#F2}

![Horizontal bar diagram showing frequency of spinal induced hypotension (SBP \< 10% of baseline) in two groups. Values are expressed as number of patients and percentage](JOACP-29-348-g004){#F3}

![Kaplan Meier survival curve showing the proportion of patients who received intervention in the form of phenylephrine boluses to maintain SBP within 10% of baseline was greater in group B (2) compared to group A (1)](JOACP-29-348-g005){#F4}

Reactive hypertension defined as SBP \> 10% from the baseline values was recorded in one patient in Group A (2.2%) in whom phenylephrine infusion rate was reduced to 30 μg/min and thereafter, SBP was maintained within the required limits with this dose of the drug till the delivery of the baby. Bradycardia was observed in two patients (4.4%) in Group A. This was managed by administering injection atropine 0.6 mg intravenously and the phenylephrine infusion flow was reduced to 30 μg/minute. No further interventions were required in these two patients till the delivery of baby. Six patients in Group B (13.3%) complained of mild nausea compared to one patient in Group A. Emetic episodes did not occur in any of the patients \[[Table 2](#T2){ref-type="table"}\]. None of the babies born had evidence of fetal acidosis (Umbilical arterial pH \< 7.2) \[[Table 3](#T3){ref-type="table"}\]. Apgar scores at 1 and 5 minutes were \>7 in all the neonates.
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Peri-operative side effects
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###### 

Neonatal outcome
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Discussion {#sec1-4}
==========

The results of the present study showed that patients receiving HES cohydration with phenylephrine infusion did not show any incidence of hypotension compared to an incidence of 75.5% in patients administered HES cohydration and phenylephrine boluses. The need for rescue boluses of phenylephrine was also more in patients in group B compared to group A.

Many authors have shown that uteroplacental perfusion is better maintained when maternal hemodynamics are stabilized close to baseline values.\[[@ref8][@ref15][@ref16]\] The present study therefore aimed to maintain SBP within ±10% of baseline by administering colloids and the vasopressor drug soon after the injection of spinal anesthetic. It was hypothesized that the use of this prophylactic strategy will establish a tight control on maternal hemodynamics and alleviate the need for subsequent intraoperative interventions to manage post-spinal hypotension.

A well-balanced volume therapy is known to augment intravascular volume, maintain stable hemodynamics and improve microcirculatory organ perfusion.\[[@ref17]\] Thus, different fluid regimens have been tried by many authors to minimize spinal induced hypotension in obstetric patients.\[[@ref6][@ref8][@ref10][@ref11]\] Crystalloids alone were found to have inconsistent effect on blood pressure.\[[@ref9][@ref18]\] Large volume of crystalloid solution increases venous return, preserves central blood volume, and cardiac output.\[[@ref8]\] However, this increase in blood volume is not sustained due to rapid redistribution. It leads to hemodilution and can adversely affect pulmonary functions.\[[@ref19]\] Furthermore, return of sympathetic vascular tone before bladder sensation can lead to over distension of urinary bladder while the patient is completely unaware.\[[@ref6]\] Better results have been obtained after colloids administration as they stay longer in the vascular compartment, markedly suppress neutrophil influx by decreasing pulmonary capillary permeability and facilitates tissue oxygenation by improving microcirculation.\[[@ref6][@ref7][@ref19]\] Karinen *et al*.,\[[@ref20]\] compared 1 liter crystalloid administration with 0.5 liter colloid 6% HES (130/0.42) and found a significant reduction in the incidence of hypotension in colloid group (38%) compared to the crystalloid group (62%). In another study, Ngan *et al*. reported that during Cesarean deliveries crystalloid prehydration has poor efficacy and cohydration with colloid solutions offers more stable maternal hemodynamics.\[[@ref7]\] It was suggested that administration of colloids like 6% HES (130/0.4) either before (preloading) or soon after instillation of spinal anesthetic (coloading) may affect the dose and frequency of vasopressor boluses needed to manage maternal hypotension.\[[@ref11][@ref16][@ref21][@ref22]\] Based on a meta-analysis by Banerjee *et al*. the incidence of hypotension in the coload group was 59.3% compared to 62.4% in the preload group.\[[@ref9]\] The authors opined that it is unnecessary to delay the surgery for delivering a fluid preload because regardless of the fluid loading, significant proportion of patients may require therapeutic or prophylactic vasopressor therapy. Therefore, both crystalloids as well as colloids are not very effective in managing post-spinal hypotension when used as a single modality.\[[@ref7][@ref9]\] This finding has also been supported in the current publications where the effects of fluid therapy on maternal circulation has been evaluated by measuring cardiac output.\[[@ref4][@ref10][@ref16]\] Siddik *et al*. administered 500-ml colloid either as preload or coload followed by 10 ml/kg/h crystalloids.\[[@ref21]\] However, hypotension occurred in 68% in the preload group and 75% in the coload group which was managed using intermittent vasopressor therapy. In our study, colloids were administered using a wide-bore 16-G cannula. It took approximately 10 minutes for the solution to be transfused and most of the cases of fall in maternal BP occurred during this period. Hence, it is proposed that an infusion of colloids should be started soon after the establishment of an intravenous access and infusion rate can be increased as soon as the spinal drug is injected. Thus, any adverse events related to hydroxyethyl starches will also be timely detected and managed though the incidence of these reactions is very low (\<0.01%).\[[@ref6]\] Our findings are of relevance in high-risk parturients where large volume of crystalloids and hemodynamic instability can adversely affect maternal as well as neonatal well-being.

Among the vasopressors used to manage post-spinal hypotension in obstetric patients phenylephrine hydrochloride, a short acting ά agonist has been found to be the most effective with low risk of complications.\[[@ref6][@ref7][@ref9][@ref12][@ref23][@ref24][@ref25][@ref26]\] It constricts the epidural veins and thereby reduces epidural venous engorgement. Intravenous administration of this drug has also been found to prevent rostral spread of spinal anesthesia in pregnant females.\[[@ref27][@ref28]\] However, the ideal dose, time, and duration of administration of prophylactic vasopressors for spinal-induced hypotension in parturients are still being defined.\[[@ref4][@ref6][@ref9][@ref12][@ref26]\] In the present study, using the technique of colloid cohydration and phenylephrine infusion, none of the patients developed hypotension and in only one patient the SBP rose above 110% but it came back to baseline limits by reducing the flow of phenylephrine infusion. Thus, the number of interventions required was negligible. A significant number of patients in group B had fall in SBP (75.5%) especially in the first 10 minute after the spinal anesthesia though all these patients had also received rapid HES infusion through a wide-bore 16-G cannula and phenylephrine bolus of 50 μg IV soon after the injection of spinal anesthetic. As both the groups were comparable with respect to demographic and hemodynamic parameters, the difference in the number of interventions required to manage spinal-induced hypotension can be attributed to the method of administration of vasopressor agents in optimum dosage since HES was administered in both the groups in a similar fashion. In a study conducted by Allen *et al*., four fixed rate phenylephrine infusion regimens (25, 50, 75, 100 μg/minute) along with crystalloids infusion were used.\[[@ref29]\] The authors observed that though the incidence and severity of hypotension was reduced but the number of physician interventions needed to maintain maternal pre-delivery SBP within 20% of the baseline could not be significantly reduced with phenylephrine infusions. They reported that irrespective of the intravenous fluid used, doses of 75 and 100 μg/minute of phenylephrine were associated with hypertension whereas 25 or 50 μg/minute of phenylephrine infusion maintained better hemodynamic stability. In the present study, a dose of 60-μg/min phenylephrine infusion used in group A significantly reduced the incidence of hypotension. This dose of 60 μg/min was chosen after evaluating results of a previous dose finding study conducted in our institute where 60, 80, and 100 μg/min phenylephrine infusions were compared (unpublished data). It was observed that 60 μg/min phenylephrine infusion provided maximum maternal hemodynamic stability with minimum side effects. Since post-spinal hypotension did not occur after using 60 μg/min of phenylephrine, we believe that this dose would suffice for preventing spinal-induced hypotension in pregnant females undergoing Cesarean section. In the study done by Allen *et al*., two patients in 100 μg/min group, had bradycardia and were treated with glycopyrrolate. We observed bradycardia, in two patients in group A. Both these patients received atropine with no adverse events. Theoretically, glycopyrrolate might have been a better option as its quaternary structure limits its placental transfer.

In a study by Cooper *et al*., the incidence of perioperative nausea and vomiting was 66% and 36%, respectively, in the ephedrine versus phenylephrine group.\[[@ref27]\] In this study, 17% patients had nausea and no patient had vomiting episodes after the surgery. This low incidence of nausea and zero emesis can be attributed to the use of phenylephrine. Acidotic changes in umbilical arterial pH are a sensitive marker of reduced uteroplacental blood flow. The increased incidence of fetal acidosis may be caused by low maternal arterial blood pressure leading to reduced uteroplacental perfusion or because of direct effect of vasopressor agent on the fetus. Umbilical arterial pH values were well above the cut-off value to define fetal acidosis (pH \< 7.2) in all the patients. Hence, our findings support the previous data where phenylephrine has been found to be a safe vasopressor agent.

To conclude, adequately treated maternal hypotension is not associated with maternal or fetal adverse effects. Vasopressors are invariably required to maintain hemodynamics in pregnant females undergoing Cesarean section under spinal anesthesia. Colloid cohydration (6% HES; 130/0.42, 15 ml/kg) along with prophylactic phenylephrine infusion maintains hemodynamic stability and neonatal well being during scheduled Cesarean deliveries under spinal anesthesia with minimum interventions by the anesthesiologist in normal healthy parturients. Further studies can be conducted in high-risk parturients using this regimen to achieve a tight control on maternal hemodynamics.
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